A novel thermophilic, obligately anaerobic bacterium, strain Cel2f
The genus Brassicibacter belongs to the family Clostridiaceae in the order Clostridiales (Fang et al., 2012) . Members of the genus are Gram-staining-negative, motile, rod-shaped, mesophilic, strictly anaerobic, chemo-organotrophic and non-spore-forming. At the time of writing, only one species of this genus, Brassicibacter mesophilus, has been described (Fang et al. 2012) . In the present study, the exact taxonomic position of a Brassicibacter-like strain, Cel2f
T , was determined by using a polyphasic approach.
In our previous study, an anaerobic and thermophilic cellulolytic bacterial community was enriched from the coastal sediment of Qingdao, China (Ji et al., 2012) . This community consisted of some novel species, and 60 % of these species were related to Clostridium thermocellum. A subsequent isolation of pure cultures was performed on agar-cellobiose medium containing (g l : sea salt (30), NH 4 Cl (2), KH 2 PO 4 (0.15), K 2 HPO 4 (0.15), NaHCO 3 (1), L-cysteine (0.5) and resazurin (0.001). Vitamins were added in the following concentrations (mg l 21 ): pyridoxamine dihydrochloride (1), p-aminobenzoic acid (PABA) (0.5), D-biotin (0.2), vitamin B12 (0.1), thiamineHCl-26H 2 O (0.1), folic acid (0.2), pantothenic acid calcium salt (0.5), nicotinic acid (0.5), pyridoxine-HCl (0.1), thioctic acid (0.5) and riboflavin (0.1). After a serial dilution with the basal medium, samples were incubated for three days at 60 8C in an anaerobic jar sealed in an anaerobic glove box (Coy Laboratory Products) which contained 98 % nitrogen/2 % hydrogen. Individual colonies were picked and purified by successive streaking and re-streaking on agar-cellobiose medium. Then colonies were identified preliminarily by 16S rRNA gene sequencing. A large number of isolates from the cellulolytic enrichment were screened; strain Cel2f
T was one of the organisms that demonstrated 16S rRNA gene sequence similarity values below 97 % with the closest relatives and was chosen for further characterization studies. Strain Cel2f
T was stored at 280 8C in C2 medium (5 g l 21 glucose and 2 g l 21 yeast extract in the basal medium) supplemented with 15 % (v/v) glycerol. Phenotypic features of strain Cel2f
T were determined by cultivating the isolate on C2 medium at 58 8C under strictly anaerobic conditions. Cell morphology was determined by using an optical microscope (BX51; Olympus) and a scanning electron microscope (SEM) (S-4800; Hitachi). For SEM observations, cells were harvested after incubation on C2 medium for 24 h, washed twice with 50 mM phosphate buffer (pH 7.5), fixed with 2.5 % glutaraldehyde for 2 h and 2 % osmium tetroxide for 1 h and then dehydrated in ethanol. After critical-point drying, cells were covered with gold-palladium and examined with the SEM (Gauthier et al., 1992) . Gram staining, motility tests and silver-plating staining for flagella were conducted according to standard procedures (Smibert & Krieg, 1994; West et al., 1977) . Effects of different temperatures on growth were assessed on C2 medium incubated at 30-80 8C in steps of 5 8C. The pH range for growth was determined in C2 medium at various pH values, adjusted with HCl or NaOH (1 mol l 21 ). The range of salinity supporting growth of strain Cel2f
T was tested in modified C2 medium [sea salt was added at 0-13 % (w/v) in steps of 1 %; other ingredients remained unchanged]. Whether NaCl was essential to the growth of strain Cel2f
T was also tested. Three replicates were studied at each temperature, pH or salinity.
Strain Cel2f
T was a Gram-negative-staining, non-motile, non-spore-forming and obligately anaerobic organism.
Colonies of strain Cel2f
T grown on agar-C2 medium (10 g l 21 agar in C2 medium) were circular, convex, smooth, yellowish and 1-2 mm in diameter after incubation for 3 days at 58 8C. The cell shapes of strain Cel2f T and B. mesophilus BM T were very similar. Scanning electron micrographs showed that cells of strain Cel2f T were slender rod-shaped (Fig. 1) , with a size of 0.3-0.463.0-7.0 mm (width6length). Growth of strain Cel2f
T was observed at pH 5.0-9.0 (optimum pH 7.0) and 30-70 8C (optimum 55 8C). Although NaCl was vital for the growth of strain Cel2f T , the strain grew weakly with NaCl as the sole mineral salt. Sea salt could vigorously enhance cell growth, indicating that strain Cel2f T has adapted to growth in high salinity marine environments. The sea salt concentration range for growth was 1-10 % (optimum 7 %, w/v).
To investigate the assimilation of single carbon sources by strain Cel2f
T , a modified C2 medium (without glucose) was prepared with tested carbon sources. The concentration of each added carbon source was 0.5 % (w/v). The medium without inoculation and without additional carbon source was used as a negative control, and the medium with inoculation and with glucose was used as a positive control. Growth was monitored by measuring optical density at 600 nm. Growth on yeast extract, peptone, tryptone and Casamino acids was also examined. According to Ogg & Patel (2009) , elemental sulfur (0.1 %, w/v), sulfate (20 mM), thiosulfate (20 mM), sulfite (20 mM), nitrate (10 mM) and nitrite (5 mM) were respectively added to the C2 medium to test potential electron acceptors. Organic acids were detected by HPLC (Agilent 1260 Infinity) with a refractive index detector. The column Hi-Plex H was used at 0.5 ml min 21 , 55 8C, 50 bar with a 5 mM H 2 SO 4 solution. Catalase and oxidase activities, methyl red and Voges-Proskauer reactions were determined following Fang et al. (2012) . H 2 S was detected qualitatively with lead acetate solution, and the presence of black sediment was taken as confirmation for the production of H 2 S. The production of indole was detected in a peptone-C2 medium (10 g l 21 peptone in C2 medium) with Kovac's reagent, and a cherry red coloured layer was regarded as a positive culture of indole production (Huber et al., 1986; Smibert & Krieg, 1994) . All experiments were performed in triplicate.
Strain Cel2f
T was able to grow on yeast extract, peptone, tryptone and Casamino acids. Fermentation products of strain Cel2f
T are listed in descending order of yield. Major products (yield .0.4 g l 21 ) in peptone-yeast extract broth were lactate, propionate, butyrate and acetate; minor products were ethanol and formate. Strain Cel2f T could use cellobiose, fructose, glucose and pyruvate as sole carbon and energy sources, with major end-products of butyrate and acetate, and minor end products of ethanol and propionate. Strain Cel2f T also used a sugar alcohol (D-sorbitol) and mainly produced butyrate; lactate, ethanol, acetate and formate were produced as minor products. An organic acid (citrate) was also used, producing acetate as the major product, and lactate, ethanol and butyrate as minor products. The following substrates were not utilized:
salicin, mannitol, sorbose, maltose, D-galactose, lactose, melibiose, rhamnose, trehalose, raffinose, xylose, sucrose, ribose, inositol, methanol, ethanol, propanol, formate, acetate, starch soluble, CM-cellulose and crystalline cellulose. Strain Cel2f T utilized thiosulfate, sulfate and sulfite as potential electron acceptors, but not elemental sulfur, nitrate or nitrite. Brassicibacter thermophilus sp. nov.
For chemotaxonomic analyses, cells were collected after cultivation at 58 8C for 1 day in C2 medium. The DNA G+C content was determined by reversed-phase HPLC as described by Mesbah et al. (1989) . Fatty acid methyl esters were prepared from lipids extracted from cells. The identification and quantification of the fatty acid methyl esters were performed by using the Microbial Identification system (MIDI) as described previously (Kuhnert et al., 2002; Moore et al., 1994) . Polar lipids were extracted and analysed as described by Minnikin et al. (1984) and Komagata & Suzuki (1987) . Isoprenoid quinones were detected following Fang et al. (2012) . Cell-wall peptidoglycan was prepared and hydrolysed according to Kawamoto et al. (1981) and analysed by an automatic amino acid analyser (Sykam S-433D). The main fatty acids of strain Cel2f
T were iso-C 15 : 0 , C 16 : 0 and C 18 : 0 . These main fatty acids were similar to those of B. mesophilus BM T with a large amount of iso-C 15 : 0 (Table 1) . However, strain Cel2f T and B. mesophilus BM T also displayed differences in the proportions and the components of fatty acid as shown in Table 1 . The polar lipids found in cells of strain Cel2f T were phosphatidylethanolamine and phosphatidylglycerol as well as various unidentified phospholipids, aminophospholipids and aminoglycolipids; this profile was very similar to that of B. mesophilus BM T (Fang et al., 2012) . These chemotaxonomic data suggested that strain Cel2f T belonged to the genus Brassicibacter. It has been reported that micro-organisms showing less than 10 mol% difference in genomic DNA G+C contents might belong to the same genus (Goodfellow et al., 1997) . The difference of genomic DNA G+C content between strain Cel2f T (31.3 mol%) and B. mesophilus BM T (28.2 mol%) was within 10 mol%, thus this result also supported classifying strain Cel2f
T in the genus Brassicibacter. However, strain Cel2f
T could be differentiated from B. mesophilus BM T by isoprenoid quinones; strain Cel2f
T contained menaquinone MK-7 as the isoprenoid quinone, but no isoprenoid quinone could be detected in B. mesophilus BM T .
For phylogenetic analysis, cells were harvested by centrifugation after incubating on C2 medium for 1 day, and the genomic DNA was extracted. The 16S rRNA gene was amplified by PCR using the universal primers, 27f (59-GAGTTTGATCCTGGCTCAG-39) and 1492r (59-TACGGTTACCTTGTTACGACTT-39). The PCR procedure was performed as described by Ji et al. (2012) and PCR products were sequenced by Sunny Biotechnology Co. The 16S rRNA gene sequence of strain Cel2f T was submitted to the GenBank database, and closely related sequences were searched in nucleotide databases by using the BLAST programs. Identification based on 16S rRNA gene sequence similarities was performed using the EzTaxon server (http://www.eztaxon.org/). Multiple alignment of sequence data were carried out by using the CLUS-TAL X program (Chenna et al., 2003; Kim et al., 2012) , and the phylogenetic tree was reconstructed by using MEGA5.1 software with the neighbour-joining method (Saitou & Nei, 1987; Tamura et al., 2011) . Phylogenetic analysis of the 16S rRNA gene sequence demonstrated that strain Cel2f T was most closely related to B. mesophilus BM T with 93.8 % sequence similarity, and it was clustered with B. mesophilus BM T to one branch, while forming a separate branch from other species (Fig. 2) , indicating that the strain represents a novel species of genus Brassicibacter.
Both strain Cel2f
T and B. mesophilus BM T were located in the lineage of low G+C content Gram-positive bacteria, in the family Clostridiaceae.
So far, the important chemotaxonomic and phylogenetic data, and DNA G+C contents, which were discussed above, supported classifying strain Cel2f T in the genus Brassicibacter. In addition, morphological, physiological and biochemical characteristics of strain Cel2f
T as compared with B. mesophilus BM T are summarized in Table 2 . For most phenotypic characteristics, strain Cel2f
T shared properties that were typical for its phylogenetically related genus Brassicibacter, such as being Gram-stain-negative, strictly anaerobic, rod-shaped, non-spore-forming and chemoorganotrophic, able to grow on Casamino acids, peptone, tryptone and yeast extract. Just like B. mesophilus BM T , peptone-yeast extract broth was also fermented with the production of propionate by strain Cel2f
T . However, strain Cel2f
T could be differentiated from B. mesophilus BM T , by T (data from this study); 2, B. mesophilus BM T (Fang et al., 2012) . Values are percentages of total fatty acids; fatty acids representing .5 % of the total are in bold. ND, Not detected. *Summed features are groups of two or three fatty acids that could not be separated under the conditions used. Summed feature 1 contained iso-C 15 : 1 H and/or C 13 : 0 3-OH; summed feature 3 contained C 16 : 1 v7c and/or C 16 : 1 v6c; summed feature 4 contained iso-C 17 : 1 I and/or anteiso-C 17 : 1 B.
growth conditions including higher optimum temperature, NaCl dependence, higher salt tolerance, and the reduction of thiosulfate, sulfate and sulfite. Strain Cel2f T was able to use a few sugars (including cellobiose, fructose and glucose) for growth but not cellulose, even though strain Cel2f
T was isolated from a cellulolytic bacterial community, thus indicating that this strain probably profits from other species in the community.
In summary, based on the phenotypic, chemotaxonomic and phylogenetic distinctiveness, as well as the distinct habitat from which it was isolated, strain Cel2f
T represents a novel species of the genus Brassicibacter, for which the name Brassicibacter thermophilus sp. nov. is proposed.
Description of Brassicibacter thermophilus sp. nov
Brassicibacter thermophilus [ther.mo9phi.lus. Gr. adj. thermos warm, hot; N.L. masc. adj. philus (from Gr. masc. adj. philos), friend, loving; N.L. masc. adj. thermophilus heat-loving].
Cells are 0.3-0.4|3.0-7.0 mm, Gram-stain-negative, nonmotile, non-spore-forming, rod-shaped and strictly anaerobic. Colonies on agar-C2 medium are circular, convex, smooth, yellowish and 1-2 mm in diameter after incubation for 3 days at 58 uC. Tests for catalase and oxidase activities are negative. In the presence of 30 g l 21 sea salt, growth occurs at pH 5.0-9.0 (optimum pH 7.0) and 30-70 uC (optimum 55 uC). The sea salt concentration range for growth is 1-10% (optimum 7%, w/v). Growth is observed on yeast extract, peptone, tryptone and Casamino acids, which is consistent with the type strain of the type species of the genus (B. mesophilus BM T ). The following substrates are utilized as sole carbon sources in the presence of 2 g l 21 yeast extract: cellobiose, fructose, glucose, sorbitol, citrate and pyruvate. Major products of peptone-yeast extract broth fermentation are lactate, propionate, butyrate and acetate. Thiosulfate, sulfate and sulfite can be used as potential electron acceptors. Negative for methyl red and Voges-Proskauer tests, and indole production. Positive for H 2 S production from peptone-C2 medium. The main fatty acids are iso-C 15:0 , C 16:0 and C 18:0 . Phosphatidylethanolamine and phosphatidylglycerol as well as various unidentified phospholipids, aminophospholipids and aminoglycolipids constituted the major cellular polar lipids. Menaquinone MK-7 is the isoprenoid quinone, and the cell-wall diamino acid is lysine.
The type strain, Cel2f
T (5 JCM 30480 T 5CGMCC 1.5200 T ), was isolated from marine costal sediment of Qingdao, PR China. The genomic DNA G+C content of the type strain is 31.3 mol%. 
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Caloranaerobacter azorensis MV1087 T (AJ272422)
Thermohalobacter berrensis CTT3 T (AF113543)
Clostridium purinilyticum DSM 1384 T (FR749894)
Clostridium acidurici 9a T (CP003326) 
